Major Command and Base instructions written for local implementation of the Air Force directives.
Under Executive Order 12902, DoE will provide, for a fee per student, energy conservation technology training courses to any Air Force base energy management personnel responsible for implementing energy conservation measures. FEMP training courses include topics such as: renewable energy resources projects, Federal energy management, water resource management, and energy efficient buildings. Base Energy Management points of contact (POCs) may contact the FEMP Workshop hotline for course information and registration at (202) 737-1911. For SN users, call the Washington switch at DSN 227-1201 and ask for an off net connection.
A number of incentives have been put in place to encourage energy conservation within Federal agencies. For example, Congress provided a financial incentive to DoD for conserving facility energy by allowing DoD to retain two-thirds of their energy savings each year. However, the USAF has not been successful in implementing this program. Base energy managers should contact their MAJCOMs for specific information on energy costs savings retention. The Executive Order encourages Federal agencies to establish internal incentive programs to appropriately reward personnel for exceptional performance in energy conservation programs. Rewards may include leave time and honorary awards. Performance evaluations and position descriptions should include employees' participation in energy conservation programs.
Air Force Energy Conservation Consumption Reduction Goals
The Air Force's energy consumption goals are based on EO 12902 and EPACT: Reduce the energy used in administrative and similar buildings by at least 20% by 2000 (compared to 1985) 
Strategies for Achieving Air Force Energy Reduction Goals
The following strategies for implementing an energy management program are designed to improve energy efficiency and eliminate energy waste. Each MAJCOM will prescribe policies and implement programs to reduce energy use in buildings. The following strategies should be incorporated into the MAJCOM's policies and programs.
Plan and Report Progress Toward Accomplishing Goals
Depending on mission requirements, funds availability, cost-effectiveness, and practicality, each MAJCOM must determine what level of success it can realistically achieve in individual areas of program focus. MAJCOM plans should be designed to reflect the mission requirements and energy resource management potential and constraints of the individual MAJCOM. Care should be taken to identify those "unmanageable" energy uses such as mobility substitution energy and separate it from facility energy usage. Steps to improve the efficiency of this use are encouraged but mission support capability must remain the primary focus. The plans should include the areas of energy and water conservation and conversion, the anticipated level of achievement in each energy category, and the procedure that will be used to measure and report the energy consumption. Sound financial management practices must be established and followed in the areas of energy and water savings identification, retention, and reinvestment in support of the energy resource management program.
Improve Operation and Maintenance
Each MAJCOM will upgrade facilities by improving the operation and maintenance of energy systems. Improved operation and maintenance procedures increase the efficiency in production and use of energy. MAJCOMs are requested to perform O&M type surveys of facilities to establish priorities for improving operator training and maintenance of energy systems.
Increase Life-Cycle Cost Effective Capital Investment
All life-cycle analysis of energy dependent projects should be performed using the latest energy projections and discount rates provided by National Institute of Standards and Technology (NIST) in support of DoE responsibilities under 10 CFR 436, subpart A. Life-cycle cost analysis procedures used to evaluate energy dependent projects should follow the criteria and standards contained in the Tri-Service "Memorandum of Agreement on Criteria/Standards for Economic Analysis/Life Cycle Costing for MILCON Design" which is available on the Construction Criteria Base CD-ROM disks.
MAJCOMs will identify and program for funding energy conservation projects of military construction scope with simple paybacks of ten years or less, as well as those projects which are appropriate for O&M type funding with rapid payback, in order to meet the program goals. MAJCOMs shall identify projects for the Energy Conservation Improvement Program (ECIP) and FEMP programs. MAJCOMs will furnish line-item detail and implementing budget guidance as required for ECIP projects.
Public Utility Programs Participation
MAJCOM installations will participate in DSM and conservation programs when and where such programs are offered by regulated public utilities. Installations are encouraged to take immediate advantage of such programs where available. MAJCOMs are authorized and encouraged to:
Apply for and accept approved financial incentives, such as energy efficient equipment rebate or project feasibility study cost sharing, offered by utility company programs. Enter into agreements with utility companies or utility company approved, competitively selected contractors that provide facility energy conservation audits at no cost or obligation to the government. Enter into direct negotiation with utility companies or utility company approved, competitively selected contractors for the installation of energy efficient, demand reduction, or power reduction equipment where utility incentives cover a portion or the entire implementation costs. 
Energy Savings Performance Contracting (ESPC)

Procure Life Cycle Cost Effective, Energy Efficient Goods and Products
In order to assure the purchase of energy efficient goods and products, each agency shall select for procurement those energy consuming goods or products which are the most life cycle cost effective, pursuant to the requirements of the Federal Acquisition Regulation. To the extent practicable, each agency shall require vendors of goods to provide data that can be used to assess the life cycle costs of each good or product, including building energy system components, lighting systems, office equipment, and other energy using equipment. Products selected for use in Federal facilities shall be in the upper 25% rating for energy efficiency as determined by DoD and DoE. Consult CCB for additional guidance.
Ensure Energy Efficiency of Current Federal Buildings and Newly Constructed Federal Buildings
All new construction and major renovations shall be designed and constructed to comply with the energy performance standards as set forth in 10 CFR 435. Additionally, certification procedures will be established to validate compliance with these requirements. LCC shall be performed in accordance with 10 CFR 436. Value engineering will be used to assure that Life Cycle Cost (LCC) decisions on energy related building components are made throughout the planning, design, and construction cycle.
Use Alternative, Renewable, and Clean Energy
MAJCOMs will use alternative, renewable, and clean energy sources wherever such use is costeffective over the life of the facility. All MAJCOMs are encouraged to participate in the DoE demonstration programs when participation is costeffective and compatible with the installation mission. MAJCOMs are encouraged to showcase those installation projects which use alternative, renewable, and clean energy sources. The MAJCOMs should submit those projects to Energy and Engineering Policy Directorate, Office of Principle Deputy Under Secretary of Defense, Industrial Affairs and Installations, [OPDUSD(IA&I)E&E] for DoE award eligibility. The Army is the lead agency for development of strategies for using all energy sources, except for solar and geothermal energy. The Navy is the lead agency in solar and geothermal technology applications and resource development.
Balance Energy and Water Conservation with Environmental Goals
Conservation and energy efficiency improvements will be consistent with environmental statutes and regulations. In addition, particular attention should be directed to actions which achieve environmental compliance through conservation at a least combined cost.
Implement Energy Awareness, Training and Awards
Employees must gain an awareness of energy and water conservation through formal training and employee information programs. They should be invited to participate in the process of developing an energy or water conservation program, and to submit definitive suggestions for conservation of energy and water. The Energy Policy Act of 1992 requires Federal agencies to establish and maintain programs to train energy managers and to increase the number of trained energy managers within each agency. The Act defines a "trained energy manager" as a person who has completed a course of study in the areas of: At the time municipalities first grew concerned about landfills, oil prices had skyrocketed, resulting in increased costs for basic municipal services. Fortunately, many cities discovered they could reduce costs by building waste-to-energy plants which incinerated garbage (reducing its volume by 90 percent) while cost-effectively producing energy in the form of steam or electricity. An average waste-to-energy system produces 2-4 pounds of steam per pound of waste burned. In addition, each 100 pounds of steam produced by burning garbage saves one gallon of fuel oil. There are currently eight DoD waste-to-energy plants and about 200 plants outside DoD. Most waste-to-energy plants in the United States use the mass burn system. With the mass burn system, waste does not have to be sorted or prepared prior to incineration (except for the removal of obviously non-combustible, oversized articles). Typical mass-burning systems consist of a modular furnace, which is comprised of a two or three-stage combustion chamber, a boiler and other components built off-site, then shipped and assembled at the plant. Modular systems are gaining in popularity because they offer small-capacity, cost-effective units at a reasonable price. Furthermore, a mass burn system with a capacity of 1000 tons per day will burn 310,250 tons of trash per year, recovering 2 Million British Thermal Units (MBTUs) of energy, which is enough to light, heat and cool 60,000 homes yearly.
Currently, the National Aeronautics and Space Administration (NASA), Langley Research Center (located in Hampton, Virginia), the City of Hampton and the Air Force are partners in the operation of the Hampton/NASA/USAF Refuse-Fired Steam Generating Facility. Since operations began in 1980, the use of over 50 million gallons of fuel oil has been avoided, reducing dependency on foreign oil and eliminating over 7500 tons of air pollutants. The plant processes 240 tons of garbage a day and produces 0.5 MBTUs, which is enough energy to light, heat and cool 17,000 homes. In addition, $12 million dollars is saved in decreased refuse disposal.
Energy Efficient Lighting Options
Lighting accounts for approximately 25 percent of all electricity used in the United States. A program to reduce electric lighting demand by 50 percent could reduce the nations demand for electricity by over 12 percent.
Incandescent lighting (ie. the light bulbs used in ordinary lamps) is between 10-30% efficient (lumens/watt). Efficiency is measured in the amount of light (lumens) which can be produced from the power used (watts). In other words, it takes a great deal of power to produce a little light with incandescent lights. New energy-efficient lighting can save 55-90% of the electricity used by incandescent lighting. In addition, every kilowatt-hour of electricity not used results in the reduction of emissions of 1.5 pounds of carbon dioxide (a major contributor to the possible Greenhouse Effect), 5.8 grams of sulfur dioxide (a principle component of acid rain) and 2.5 grams of nitrogen oxides (a precursor to both acid rain and smog). Therefore, a strategy to implement improvements in lighting technology and minimize use of lights offers a substantial opportunity to prevent pollution, reduce electric bills and increase lighting quality.
There are two components of energy use:
power-electricity consumption (Watts) and time-period of consumption (Hour).
To reduce electricity consumption, both lighting power and time should be reduced. Reducing the amount of time lighting is used can be accomplished through lighting controls, ranging from simple on/off switches to complex automatic control systems. The addition of modern lighting controls can reduce electric lighting energy consumption by 50 percent, with little or no user impact. Lighting control strategies may be used in most types of buildings to reduce lighting energy consumption. These strategies can include the following:
Scheduling-Turn lights on or off according to need. Manual scheduling involves switching by building occupants. Automatic scheduling includes time switches, occupant sensors, photo-cell switches and other means of switching lights by automatic control devices.
Tuning-Reduce power to electric lights in accordance with the exact lighting needs of the user and work task. For instance, tuning may be accomplished with dimming devices. Energy savings are dependent on the amount of available natural light that is allowed into the office.
Daylighting-Turn lights off or reduce power to electric lights in the presence of natural daylight from windows and skylights. Daylighting controls employ a photosensor-controller device, linked to a switching or dimming unit that varies electric light power in response to natural light. Daylighting controls can save 30-40% lighting energy in a typical office with vertical windows. During the summer months, the energy savings can be much larger (over 50%), especially if the dimming system can dim efficiently over a wide range of light levels. Energy deficiencies typically found in military family housing are no different from those found in private housing. The most commonly seen problems are:
Leaks in the forced-air-distribution system supply ducts which allow heated or cooled air to be lost to the atmosphere. Lack of insulation in the floors of second story overhangs and floors above ventilated crawlspaces and in attics. Basements heated by supply registers which are not insulated and open into crawlspaces. Poorly placed or maintained landscaping next to air-conditioning units where hot exhaust air prevents proper cooling of the condenser.
In response to energy deficiencies found in military housing, the National Training Center in Fort Irwin, California entered a new phase of energy efficient engineering by constructing housing units which cut energy requirements in half. The housing units set the standard for future construction with:
Spanish-style tile overhangs to reduce heat gain in the summer; Increased insulation to reduce energy consumption; Ceiling fans to reduce energy consumption; Total fluorescent lighting to reduce lighting loads by 60%; and Solar window screens to reduce heat gain from direct solar radiation.
Implementation of energy conservation methods in military family housing at Air Force bases include the "Cool
Community" program at Davis-Monthan AFB and the heat pump replacement program at Andrews AFB. The Cool Community program consists of planting trees and shrubs strategically around houses in order to insulate houses from hot weather. At Andrews AFB, heat pumps have been replaced with a heat recovery system which directs the exhaust heat from air-conditioning units (chill units) to the water tank for the purpose of heating water. Other energy conserving methods implemented in family housing at Air Force bases include insulating around windows and doors with caulk and planting shrubs at a good distance from air-conditioning units to allow adequate ventilation for the units.
Ground Source Heat Pumps
Air temperatures at Air Force bases can range from minus 50 to 120 degrees F. Compared with dramatic fluctuations in air temperatures, the temperature of the earth and its waters is very stable. Where the difference between air temperature and ground temperature is significant (+/-20ºF) for long periods of time (in excess of 60 days), the potential exists to tap this thermal reserve. One effective way to tap this stable energy source is through the use of heat pumps which have their external coils buried in the earth or submerged in a body of water. The term for this type of heat pump is ground source heat pump (GSHP).
Earth-coil systems use polyethylene piping buried/submerged either horizontally or vertically. The pipes carry a water based alcohol/antifreeze solution which is heated or cooled by its passage through the earth. These systems require three additional components which are not part of a standard heat pump; an earth coil, a pump, and a heat exchanger. The pump circulates the water solution through the earth coil while the heat exchanger transfers heat either to or from the heat pump refrigerant to the water solution. Some systems, called direct expansion (DX) GSHP, have the actual HP refrigerant run through the earth coil which acts like a large condenser, eliminating the need for the water solution, the extra pump and heat exchanger. These DX systems use ground coils made of copper tubing and tend to be more efficient since there is no heat exchanger.
With a vertical earth-coil system it is possible to use a number of vertical coils in parallel. This configuration uses smaller diameter pipe and is not placed as deeply as a single vertical system, or take up as much land area as a horizontal system. At depths of 20-30 feet, depending on location and surface characteristics, the temperature of the ground is generally within 5ºF of the average annual air temperature. This temperature fluctuates very little throughout the year. In most climates, the ground temperature is more than 20ºF warmer than air temperatures during the winter and cooler than the air during the summer. A modification of the buried earth-coil heat pump is a system having its external coil located within either groundwater or surface water. Water has even more potential for heat storage than the earth.
In order to properly size and determine the savings to evaluate a GSHP, many involved calculations are necessary.
To simplify and streamline the process, several software packages have been developed. These programs require a certain amount of user defined information to size and cost the GSHP. The user must provide pertinent data including cooling/heating load, geographic information (earth or groundwater temperatures), soil type, water content of the soil, and regional weather data.
The Air Force has a large number of bases in the northern half of the country, which are subject to long periods of low temperatures. These bases are candidate locations for technical and economic analysis to determine the applicability and life-cycle cost for such systems. AFM 88-29 is the guide in determining if any base worldwide is a prime candidate for GSHP evaluation. Bases which have more than 5,000 heating degree days should be considered prime candidates, with those above 4,000 degree days potential candidates depending on fuel costs and geographical considerations. Cooling should not be overlooked for southern bases which have long periods of high temperatures and humidity. Cooling should be considered where there are more than 3,000 air conditioning hours over 67ºF (wet bulb) annually as indicated by AFM 88-29.
The Air Force application of GSHP looks promising. For example, in the immediate area of military family housing, there are thousands of possible candidates for GSHP systems. Life cycle cost analysis show not only that GSHPs reduce energy usage, helping the Air Force reach its usage reduction goal of 30%, but also saves money and has a discounted payback of under eight years. For more information about Ground Source Heat Pumps, contact Mr. Fred Beason, Headquarters Air Force Civil Engineer Support Agency, DSN 523-6361.
Alternative Fuels For Light-Duty Vehicles
Executive Order (EO) 13031, "Federal Alternative Fueled Vehicle Leadership," 13 December 1996, ensures the Federal Government will exercise leadership in the use of alternative fueled vehicles (AFVs). To this end, each Federal agency shall develop and implement aggressive plans to fulfill the alternative fueled vehicle acquisition requirements. To the extent practicable, Federal agencies shall use alternative fuels in all vehicles capable of using them. The U.S. Environmental Protection Agency and the California Energy Commission are promoting the substitution of alternative fuels for gasoline in light-duty vehicles as a way to combat air pollution and slow the growth of U.S. oil imports. Ozone pollution control has become the primary driving force behind alternative fuels. Ozone production occurs when volatile organic compounds (VOC) (ie. gasoline) and nitrogen oxides are exposed to sunlight. Ozone production and smog production should not be confused with ozone depletion, which occurs in the upper atmosphere. The introduction of cleaner-burning alternative fuels will reduce formation of ground level ozone.
The most commonly suggested alternative fuels include ethanol and methanol, either "neat" (pure) or blended with gasoline; compressed or liquefied natural gas (CNG or LNG); liquefied petroleum gas (LPG), which is largely propane; hydrogen; and electricity. While the costs associated with alternative fuels are uncertain, the effectiveness of the following fuels are reasonably well known. These fuels have been tested for safety in vehicle use and found not to be a significant explosive hazard when properly used and transferred.
Methanol-is a convenient liquid fuel that can be produced from natural gas using proven technology. As a blend of 85% methanol/15% gasoline (M85), methanol is a fuel for which vehicle manufacturers can easily design either a dedicated or Flexible Fuel Vehicle (FFV) that will outperform an equivalent gasoline vehicle. Disadvantages of methanol include low energy density and unfavorable cold start characteristics. Note: This fuel is corrosive and should only be used in vehicles designed or modified to use it.
Ethanol-like methanol, is a liquid fuel that can be quite readily used, with few problems, in vehicles. Ethanol-fueled vehicles also perform competitively with gasoline-fueled vehicles. Disadvantages of ethanol are the same as methanol, and should only be used in vehicles designed or modified for ethanol use. A gallon of ethanol contains only about two-thirds the energy of one gallon of gasoline.
Natural Gas-The physical makeup of natural gas tends to make it a low emission fuel. Natural gas contains virtually no nitrogen or sulfur and does not mix with oil. It will not foul engine combustion chambers, engine oils, or spark plugs as readily as gasoline. Natural gas may help reduce the deterioration of emissions control device performance common to gasoline-powered automobiles. Furthermore, the use of natural gas will prove strongly beneficial in combating ozone pollution.
Electricity-Electric vehicles are an exciting concept because they directly emit virtually no air pollutants. However, the goal of pollution reduction is accomplished only if the power charging the batteries is not from a coal-fired power plant. Unlike combustion engines, electric motors do not continue running when the vehicle is stopped, thereby conserving energy in stop and go traffic. Disadvantages include high cost and short traveling range.
Hydrogen-fueled vehicles emit virtually no hydrocarbons, particulates, carbon dioxide or carbon monoxide. The only significant air pollutant emitted by a hydrogen-fueled vehicle is nitrogen oxides. Because hydrogen vehicles emit no carbon dioxide, they are viewed as an especially attractive component of a strategy to reduce global warming trends. These vehicles are still in the research stage and are not generally available. A disadvantage of hydrogen-fueled vehicles is flammability.
Acquisition of Alternatively Fueled Light-Duty Vehicles E.O. 13031 requires compliance with Title III of the Energy Policy Act, which establishes requirements for Federal government acquisition of vehicles that use alternative fuels. Vehicles are to be fueled, to the maximum extent possible, at commercial facilities offering alternative fuels to the public. During fiscal year 1995, the Federal government (as an entity) was to acquire 10,000 vehicles powered by alternative fuels. In addition, agencies which own and operate fleets of 20 or more light-duty motor vehicles in large metropolitan areas (>250,000 people) must acquire certain percentages of alternatively fueled vehicles on the following time To date, the Air Force owns over 1,600 Alternatively Fueled Vehicles (AFVs), with an additional 500 being leased, the majority of which are vehicles which have been converted (1,561) to alternative fuels. The Air Force owns and leases vehicles powered by compressed natural gas (CNG), electricity and methanol, and also leases vehicles powered by propane and ethanol. More detailed information on alternate fueled vehicles will be available from PRO-ACT in our Fact Sheet, "Alternative Fueled Vehicles," due in September 1997.
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